Introduction: Surgical stress response, results in elevated levels of anti-insulin hormones and reduced insulin secretion. This hormonal state may be detrimental for surgical patients due to the presence of insulin resistance and hyperglycemia. Additionally, pre-operative fasting favors this conditions. The aim of this study is to analyze the impact of pre-operative caloric load, with 440kJ from amino acid infusions on the levels of glucose, cortisol and insulin resistance in surgical patients. Material and Methods: The study included 20 female patients scheduled for mastectomy, aged 30-60 years without diabetes and BMI < 30 m 2 , divided into two groups. The study group A, the evening before the surgery, received 1000 ml amino acid infusions, while the control group B didn't receive any infusion. In both groups glucose, C-peptide and cortisol levels were determinate preoperatively and postoperatively. From the obtained C-peptide and glucose values, with the help of computer model (HOMA2*), the insulin resistance (IR), functionality of beta cells (BETA) and insulin sensitivity (IS) were calculated. Results: Postoperative values of insulin resistance (0.94 ± 0.12 vs 1.13 ± 0.2; p = 0.02) and glucose (4.79 ± 0.5 vs 5.77 ± 0.6; p = 0.002) were lower in the study group compared to control group. Postoperative cortisol levels in both groups were higher than the preoperative, but no significant difference was found. The study group showed higher values for BETA and IS. Percentage changes between the groups were significant for all parameters. Conclusion: Pre-operative caloric load (amino acids) reduces the level of insulin resistance and glucose in the presence of elevated cortisol levels.
Introduction
Literature is decisive that stress response to a surgery and anesthesia affects glycemic homeostasis on many levels. The prototypical scenario in surgical patients (with or without diabetes) is: elevated levels of contra-regula-tory hormones (catecholamines, glucagon and cortisol) which have various anti-insulin metabolic effects and promote increased net catabolic activity. On the other hand, due to the unexplained defect of the beta pancreatic cells, during surgery, plasma insulin levels fall and secretion of insulin in response to glucose becomes impaired. These hormonal and metabolic changes promote occurrence of hyperglycemia and insulin resistance in all surgical patients with or without diabetes [1] [2] [3] .
Insulin resistance usually starts to develop during the surgery and is present for the period of 10 to 30 post-operative days, depending of the magnitude of the surgical trauma [4] [5] [6] . Gender, age and pre-operative levels of insulin (in the plasma) are not factors that correlate with its occurrence [7] .
Increased levels of cortisol, developed insulin resistance and hyperglycemia have significant negative impact on the healing process and cause increased morbidity and mortality in surgical patients. When insulin resistance and hyperglycemia are present, cells (not dependent on insulin) are flooded with glucose and have alerted functionality [4] [5] [6] [7] .
On the other hand, preoperative fasting (minimum 6 hours before surgical intervention) in order to reduce the risk of pulmonary aspiration, is a routine for surgical patients. The literature is precise that any starvation longer than 4 hours leads to a change of the insulin / glucagon ratio. This feature can further emphasize organic stress response to surgical trauma and has big impact on the glycemic control and insulin resistance [8, 9] .
In the recent decades, it has been often debated that reduced preoperative fasting time (and / or pre-operative support of the body with nutrients) has positive impact on the levels of contra-regulatory hormones, insulin resistance and glycaemia [9] [10] [11] .
The idea for this study rose as a result of two inspirational studies. The first study by Thorell A [12] and co-workers, who published results, shows that insulin resistance occurs without elevated levels of anti-insulin hormones (cortisol, catecholamines, and glucagon), in surgical patients who received pre-operative nutrient (glucose). The second study, although endocrinologic, by Luc van Loon [13] , provides information that the ingestion of the amino acids in patients with type 2 diabetes increases the secretion of insulin and promotes better glycemic control.
From these studies, it seemed logical to hypothesize that the preoperative intake of amino acids might stimulate insulin secretion, might change the level of cortisol and all this will affect the level of postoperative insulin resistance.
Purpose
The objective of this research was to analyze the effects of pre-operative change of the state from "hungry" to "fed", with 440 kJ (from amino acids infusions), at the level of postoperative blood glucose, cortisol and insulin resistance in surgical patients.
Material and methods
This randomized prospective clinical study was performed at the Clinic for Traumatology, Orthopedic diseases, Anesthesia, Reanimation and Intensive Care Skopje, from January to October 2015. The study was conducted after the approval by the ethical committee and the signed information consent by every patient.
The study included 20 female patients, scheduled for elective radical mastectomy under general endotracheal anesthesia, aged 30-60 years, without personal or family history of diabetes, with pre-operative values of HgA1C< 5.7%, glucose < 6.1 mmol / l, BMI < of 30 m 2 and under physiological score for preoperative assessment of health -ASA (American Society of Anesthesiologists) 1 and 2.
The study excluded all patients with endocrine disorders, patients who had corticosteroid therapy (in any form) and patients who had weight loss greater than 7 kg (in the last two months).
From the commenced study, the patients in whom surgery lasted more than 2 hours and the patients who required administration of corticosteroids, vasopressors or glucose solutions at any time during the per-operative period were additionally excluded.
The patients were randomly assigned into two groups. The patients in the study group (group A, n = 10), the evening before surgery (at 22:00h), received 1000 ml of amino acids solutions with energy value of 440 kJ. The composition of the amino acids was as follows: alanine 15 gr, 5.10 gr phenylalanine, leucine 7.4 gr, proline 15 gr, arginin 12 g, 6.6 gr lysine, isoleucine 5 gr, threonine 4.4 gr, 14 g of glycine, histidine 3 gr, 4.3 gr methionine, valine to total 6.2 gr. In the control group (group B, n = 10), no infusion was administrated on the evening before surgery.
All patients underwent standard pre-operative protocol for nothing per mouth (for 6 hours) and premedication with oral Diazepam 5 mg.
The standardized intravenous anesthesia protocol was commenced for both groups. The induction was accomplished with fentanil (3 μg/kg) and propofol (2 mg/kg). The intubation was facilitated with rokuronium bromid 0.5 mg/kg. The anesthesia was maintained with continuous infusion of propofol 6 mg/kg /h. The patients were mechanically ventilated with inhaled fraction with a mixture of O2 (50%) and air (50%).
In both groups the levels of insulin (C-peptide), glycaemia and cortisol were determined preoperatively (before the induction of anesthesia) and 24 hours postoperatively.
C-peptide or proinsulin is located in the secretory granules and is released into the blood in equimolar amounts to insulin. C-peptide is a substitute for the function of the beta cells and is often used in the classification of diabetes [14] .
The concentration of C-peptide (referent values: 0.53-2.9 ng.ml -1 ) and cortisol (referent values: 55-690 nmol/l) were determined by hemi-luminescence ECLIA (ELIKSIR 2010 -Roshe), while the glucose was determined by the glucose-oxidize method (Randoks, UK) with reference values 3.3-6.6 mmol / l.
From the determined levels of C-peptide and glucose, the levels of IR (Insulin Resistance), functionality of Beta cells (BETA) and IS (Insulin Sensitivity) were calculated with the HOMA (Homeostasis Model Assessment) method.
-Basics for use of HOMA (Homeostasis Model Assessment) in calculating IR, BETA and IS: Insulin resistance (IR) can be calculated by various methods. The golden standard is hyperinsulinemic-euglycemic clamp. This presents a complex stress test, with hyper optimal doses of insulin and glucose that does not justify its use. In contrast, HOMA is a mathematical model which can noninvasively determine insulin resistance, functional capacity of the beta cells (BETA) and the sensitivity of the peripheral tissues to insulin (IS). It is based on the interaction between glucose and insulin levels, hepatic glucose production (dependent of the level of insulin released) and the ability of insulin to bind to glucose in the blood. Equations used are as follows:
HOMA-IR = PI* x PG** / 22.5; HOMA-BETA = 20xPI / PG -3.5); where *PI is Plasma Insulin and **PG is plasma glucose
The calculated values of BETA and IS calculated with the HOMA method significantly correlate with the physiological insulin sensitivity and functionality [15] .
In our study we used the computer program HOMA 2 (computer calculated equations) model. It is a purified HOMA method, which has integrated formulas that take into consideration the variations in the hepatic and peripheral insulin resistance. (HOMA 2 model is available on www.OCDEM.ox.ac.uk).
In healthy people without pancreatic diseases and normal body weight the normal functionality of the beta cells (BETA) is approximately 100% and the insulin sensitivity (IS) should be near the range of 90-100%, whereas the indication of insulin resistance is any value above 2 U.
Statistical Analysis
The databases were created with the help of computer programs, the processing of which is made with the standard descriptive and analytical bivariant methods. The attributive and numerical data were analyzed using the odds relations, proportions or the measure of the central tendency. The statistical significance was tested with the Mann-Whitney U Test, Student t-test. The significance is indicated when p < 0.05.
Results
In accordance with the including criteria, the study enrolled twenty patients randomized in two groups.
Among both groups of patients, there were no statistically significant differences in the baseline demographics characteristics (ethnicity, age, weight, height, BMI, ASA). The baseline demographics and the clinical characteristics of the patients are shown in Table 1 .
In both groups, the largest number of patients had left side radical mastectomy. None of the patients had anesthetic or surgical complications in the first 24 hours.
The pre-operative values of blood glucose (5.37 ± 0.72 SD versus 5.21 ± 0.62 SD), insulin resistance (1.1 ± 0.26 SD versus 0.97 ± 0.3 SD) and C-peptide (1.48 ± 0.38 SD vs. 1.33 ± 0.37 SD) were not significantly different between the groups. In the study group, the postoperative mean values of blood glucose (Mann-Whitney U test: Z = 1.98 p = 0.04) and insulin resistance (Z = 2.0 p = 0.04) were significantly lower than the preoperative. In the same group, the postoperative values of C-peptide (Mann-Whitney U test: Z = 0.64 p = 0.5), BETA (Z = -0.45 p = 0.6) and insulin sensitivity (Z = -1.6 p = 0.09) were not statistically significantly different than the pre-operative ones.
Between the groups, the mean postoperative values for blood glucose (Mann-Whitney U test: Z = -3.02372 p = 0.002497) showed statistically significant differences.
The comparison of the average postoperative values for blood glucose, insulin resistance and C-peptide, between the groups is shown in Table 2 . Table 2 Average (Table 3) .
The coefficient of variations, was higher in the control group for insulin resistance (18.2%) and insulin sensitivity (22.6%), whereas in the study group it was higher for C-peptide (30.8%) and functionality of beta cells (29.7%). With regard to the changes expressed in percentages for the pre-operative and post-operative values for blood glucose, insulin resistance, functionality of beta cells and insulin sensitivity, significant difference was found between the groups (Graph 1).
Graph 1 -Changes expressed in percentage between the groups (*p < 0.05)
The values of the cortisol showed an increase postoperatively (from 146.7 ± 56.5 SD to 178 ± 36.1SD, p > 0.05) for group A and (from 146.6 ± 76. 
Graph 3 -Correlation of postoperative cortisol levels and blood glucose

Discussion
The presented study was conducted as pilot study and showed how in clinical practice it is possible to influence the levels of postoperative insulin resistance and blood glucose in surgical patients in the presence of elevated levels of cortisol.
Insulin resistance develops during the surgery and is present for long time in the postoperative period. Historically, the occurrence of insulin resistance was considered to be a clinical feature reserved only for diabetic patients with major surgical trauma [7] . Nowadays, it has been confirmed that postoperative insulin resistance is present in all surgical patients [8, 11, 12] .
Resent clinical randomized studies showed results that preoperative consuming of nutritional solutions improves glycol-regulation and reduces insulin resistance, which was confirmed in our study [8] [9] [10] [11] [12] [13] [16] [17] [18] .
In our study, post-operative insulin resistance decreased for 13% (compared to preoperative values) in the group which had caloric intake. Contrary, in the control group, post-operative insulin resistance showed increase for 21%. Changes in the groups and between the groups were statistically significant. A significant reduction in insulin resistance was also observed by Perrone et al. [11] in patients scheduled for inguinal hernia repair and cholecystectomy. In his study similar to ours, in all patients 3 hours before the intervention, a nutritional support with carbohydrates and protein combined solutions was obtainned. The authors Nygren A., Thoreell A and Ljungqvist O. [12] published astonishing results and confirmed that shorter pre-operative fasting time, significantly reduced insulin resistance in surgical patients with major surgical trauma.
The values higher than 2U are an indication of insulin resistance. In our study, the values higher than 2 U were not registered in any patient. The differences in the results of the above-cited authors [11, 12] and our study are due to the inclusion criteria. In our study, the inclusion criteria was the level of HgA1c < 5.7%. This reliably rules out diabetes and prediabetes in patients. Therefore we can say that the results from our study are precise because all the patients in this study had intact pancreatic function.
Literature agrees on the fact that insulin resistance in the early post-operative period is located in peripheral tissues, predominantly muscles. In these tissues the intercellular activity of the proteins responsible for glucose transport is malfunctioning [9] . On the other hand there is a strong evidence that different types of amino acids in different extent improve glucose utilization by muscles which im-proves glucose oxidation [19] . These results are giving priority to the protein solutions over other solutions in surgical patients. Amino acids solutions as protein sparing therapy in surgical patients are reserved for the post-operative period. Maybe it is time to change the usual clinical practice.
Insulin resistance by itself or accompanied by elevated blood sugar leads to increased morbidity and mortality. In this study, changes of the insulin resistance were followed by significant changes in blood glucose. In our study, the postoperative blood glucose values were increased in the control group (from 5.21 mmol/l to 5.77 mmol / l), while in the study group were decreased (from 5.39 mmol / l to 4.79 mmol/l). Maitra et al. [20] , Zong et al. [21] and Srceva et al. [22] argue that the administration of different fluids in the pre-operative period differently affect the blood sugar levels. From this study and the studies of Srceva [22] and Zong [21] we can clearly conclude that pre-operatively given amino acids has strong positive impact on the postoperative blood glucose levels.
From the large number of endocrine studies it is known that protein intake triggers increased protein anabolism and increased insulin secretion [13] .
In our study, insulin levels (expressed by C-peptide) did not show significant change between the groups. Anyhow, worth to note is the fact that postoperative values of insulin were lower in the control group compared to the study group (1.37 ng / ml versus 1.47 ng / ml). Similar to this, Perrone et al. [11] observed a significant drop in insulin levels and insulin resistance in patients who received combined carbohydrate-protein solution pre-operatively. In contrast, Srceva [22] although working by different protocol, has proved a strong insulin-tropic effect of the amino acids given preoperatively to patients with minor surgical trauma. The differences in the two studies may be due to several factors. In the study of Srceva [22] , baseline C-peptide was determined before the intervention with amino acids and the volume of the given amino acids was assessed by body weight. It seems that caloric intake of 440 kJ (although with energy value equal to a small meal) is hypo caloric to stimulate the secretion of large amounts of insulin.
Isolated discussing of the insulin resistance, insulin and blood glucose is possible but is not adequate due to the wide range of factors involved in its determination. In patients with diabetes, insulin resistance is correlated with the plasmatic insulin and glucose concentrations. Decreased insulin levels are proportional to insulin resistance [11] .
In surgical patients, the shift from anabolism to catabolism promotes glycemic deregulation and insulin resistance. For our study, the postoperative cortisol levels in both groups showed significant increase. Although the changes were not significantly different between the groups, it shows that in patients who undergo radical mastectomy the stress response and catabolism are activated. The elevated levels in one of the anti-insulogenic hormones (cortisol) in our study did not correlate with the increased insulin resistance in patients who received preoperative calories. The study of Thorell A and coworkers [12] , confirms insulin resistance in the absence of elevated cortisol levels. Kee et al. [23] argue that the parenteral administration of amino acids enhances the whole anabolic function of the body. From here it is confirmed that pre-operative fasting and low calories nutrition is a strange way of preparing the body for stress.
Insulin resistance is mathematical obtainned product from the levels of C-peptide and glucose. The advantage of the mathematical calculation is in the parallel with the calculated functionality of the pancreatic beta cells and the sensitivity of the cells to insulin.
Literature is rich in studies that debate about the isolated insulin resistance, but there is a lack of studies which cover the overall picture of glycemic response in correlation with resistance, sensitivity and beta cell functionnality.
During stress, the pancreatic cells have compromised functionality. Prisseig [24] proved their limited ability to adapt to newly occurred changes under these conditions. The mathematical calculation model for the functionality of the beta cells, reflects their activity, but not their pathological condition. In patients without diabetes, the functionality of the beta cells would normally be about 100%. In this study, the pre-operative values of the beta cells func-tionality in both groups were close to normal. On the contrary, the postoperative beta cell functionality was reduced in the control group compared to the group with caloric load (73.61 ± 11.3 SD versus 101.64 ± 30.2 SD). This means that patients who are "hungry" preoperatively, show decreased beta cell ability to secrete "enough good" insulin for reversion of the extra glucose (product of the stress response) postoperatively. At the same time, in this group, the reduced sensitivity of the peripheral tissues to insulin is noticed (to 93% compared to 108% which occurs in the examined group). Although these figures are rough surrogate of the glyco-methabolic response and their interpretation can hardly be isolated, it is clearly apparent that "hungry" patients behave like being "diabetic" in the postoperative period. This means that the body is overloaded with endogenous glucose in the presence of elevated levels of insulin and peripheral tissues inability to use it.
Conclusion
From the above, we can conclude that pre-operative intake of amino acids in surgical patients scheduled for radical mastectomy, reduces the occurrence of insulin resistance and hyperglycemia, and improves the functionality of the beta cells in the presence of increased cortisol levels.
Limitations and recommendations
This study has several shortcomings. The number of respondents is small. Age inclusion criteria (30-60 years) is a heterogeneous age group, but the literature is determined that age does not have impact on the insulin resistance [7] . A second drawback is that the caloric load with 440kJ was used in all patients regardless the body weight. The reliability of the study would be higher if it demonstrated the impact of the pre-operative support with different nutrients divided in several groups. The data derived from the mathematical model (HOMA 2) would be much more reliable if being compared with the clinical model of euglycemichyperglycemic clamp.
Although small, from our study we can draw back several recommendations. This study opened the door for a larger study to access the problem of preoperative nutrition and glycemic response. Rough surrogate figures shown from the mathematical model (HOMA2) can be discussed through clinical vocabulary and should be used in larger number of clinical studies. If the results of this study are confirmed in large clinical study, the applicability of the method can be used in daily surgical practice especially in patients with diabetes.
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Резултати: Постоперативните вредности на инсулинска резистенција (0.94 ± 0.12 vs1.13 ± 0.2; p = 0.03) и гликемија (4.79 ± 0.5 vs 5.77 ± 0.6; p = 0.001) беа пониски во испитуваната група споредено со контролната група. Постопе-ративните вредности на кортизол во двете групи беа значително повисоки споредено со пред-оперативните (р = 0.005 и р = 0.001), но не беа значително различни меѓу себе. Испитуваната група покажа повисоки вредности за Бета и ИС.
Процентуалните промени меѓу групите беа сиг-нификантни (p < 0.05) за ИР, ИС, Бета и гли-кемија.
Заклучок: Предоперативното калориско внесување влијае на намалување на инсулин-ската резистенција и гликемија во услови на покачено ниво на кортизол.
Клучни зборови: инсулинска резистенција, корти-зол, аминокиселини, хируршки пациенти *HOMA 2 моделот е достапен на www.OCDEM.ox.ac.uk
